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INTRODUCTION
Periodic Edge Localised Modes (ELMs) in H-mode plasmas are accompanied by a collapse of the edge pedestal due to both conductive and convective losses. The extent of this collapse in both space and time varies with ELM size and correlates with the energy and power load to plasma facing components. In the case of Type I ELMs in JET, the fractional energy loss DWELM is mostly found to be >3% of the pedestal energy under standard H-mode conditions. Material studies have shown that for the divertor target in ITER the maximum allowed value of ∆W ELM~1 MJ
representing only approximately 1% of the ITER pedestal stored energy for the baseline Q DT = 10 H-mode scenario [39] .
The dynamics of the pedestal during the Type I ELM event has been studied on JET and other devices [5, 7, 17, 19, 21, 22, 23, 25, 26, 27, 33, 38] . SOL dynamics of electron kinetic parameters on a fast time scale, shorter than 100ms after the ELM event, have been studied on various devices [10, 14, 17] . Poloidally and toroidally elongated filamentary structures have been observed in both electron temperature and density. These so-called ELM filaments have been seen to break loose from the pedestal plasma and subsequently move towards the tokamak wall. After the ELM event the filament has moved outside the pedestal region onto open field lines and can therefore reach wall surfaces. An estimation of the load due to these toroidally extended filaments is complicated by significant parallel losses via the filaments to the divertor target before the filaments hit the main chamber plasma-facing components. Comparison of the observations of filaments from both SOL profile and wall heat load diagnostics on many devices, [17] , show that a typical Type I ELM filament generally carries only a relatively small fraction of the ELM energy losses to the main wall [17, 12] .
The profile dynamics of the electron density collapse > 100µs after the ELM onset has been studied on DIII-D, AUG and JT-60U. Fast reflectometry measurements [38, 25, 26, 27] show that the pedestal top density collapses on a time scale of 100-200µs, causing an increase in the Scrape
Off Layer (SOL) density. This change in the pedestal profile is observed to define a pivot point around which the density profile changes, decreasing inside the pivot point and increasing outside.
The SOL density remains high for as long as 5ms in all three devices, indicating a slow transport of density in the SOL. In a study on AUG it was shown that the millisecond time scale of the SOL density dissipation is consistent with parallel transport of the SOL density to the divertor target [26] .
On JET, fast pedestal density profile measurements have so-far not been available. However, line integrated interferometry pedestal measurements have been studied in [21] , and show a slow time evolution of the combined pedestal and SOL density. Typically a minimum value of the pedestal line integrated density is found several milliseconds after the ELM collapse. Due to the line integrated nature of these measurements the dynamics of the pedestal and SOL densities could not be deconvolved, but these observations are consistent with the density profile studies on DIII-D, AUG and JT-60U.
Spatially resolved electron temperature pedestal measurements on JET by the Electron Cyclotron
Emission radiometer show that the pedestal electron temperature collapse takes place on a time scale of 100-200ms after the Type I ELM event [21, 22, 23] . Electron temperature SOL dynamics had not been documented at that time as no diagnostic coverage was available.
Scalings of the ELM energy losses with machine parameters have been widely addressed. Thus far, the best scaling was obtained with pedestal neoclassical electron collisionality v e * (~n e,ped / T e,ped 2 ), though no first principle physics model has yet been constructed which can explain this dependence. It is common practice to normalise the ELM energy losses to the pedestal stored energy expressed by the pedestal pressure times the plasma volume W ped =3/2.p ped .V plasma .
Experimental observations show that the normalised Type I ELM energy losses (∆W ELM /W ped ,)
decrease with increasing v e * for various devices. In JT60-U, JET, DIII-D and MAST [16, 19, 21, 22, 23, 27, 33] the dependence on v e * is mainly found in the so called conductive ELM losses (3/ 2.k.n e .∆T e /W ped ) whereas the convective losses (3/2.k.n e .∆T e /W ped ) show only a weak dependence on ne*. The lack of spatially resolved density measurements means that at JET the convective losses could not be precisely quantified until now, however line integrated density measurements across the pedestal region confirm the observation that the convective losses remain relatively unchanged as v e * varies [22, 23, 24] .
This paper exploits new profile diagnostics for the SOL/pedestal region and extends the study of convective and conductive Type I ELM losses in JET. Key to this study is the new High spatial
Resolution Thomson Scattering (HRTS) diagnostic on JET [28] . This system measures the full Te and n e profile from just inside the magnetic axis with a 1.5 cm spatial sampling resolution and repetition rate of 20Hz. An ELM synchronization technique is applied to obtain the pre and post ELM kinetic profiles in order to enable the study of ELM losses from the pedestal and SOL. The ELM losses in filaments in a period <200µs after the ELM event are briefly discussed and compared to earlier observations. The pedestal and SOL profile evolution on a longer time scale of 0.2-1ms after the ELM onset are compared for low and high collisionality plasmas. The scaling of convective and conductive ELM losses with collisionality is then reviewed as both losses can now be obtained from the full kinetic profiles. In the final section these experimental results are compared to ELM energy loss models.
ELM FILAMENTS ON JET
During the first ~100-200ms from start of an ELM defined by onset of enhanced particle recycling (seen as an increase in D α emission), ELM filaments have been observed on JET [11, 14] [18] and MAST [16, 35] .
The filament in the red curve in Figure 1 at R = 3.85-3.9m is estimated to have an electron energy content of ~1kJ. This estimate is based on a volume integral of a filament with an elliptical cross section of 5×20cm, a length of 2πRq 95 ~ 65m and a peak T e~3 00eV and peak n e~1 .5x10 19 m -3 . The radial extend of 5cm is estimated from the radial HRTS profile in Figure 1 and the poloidal extend of 20 cm is estimated from the footprint of the filaments on the main chamber wall as measured with infrared thermography [14] .
An obstacle in making quantitative estimates of the filament energy content using the HRTS data is the snapshot nature of the measurement. The diagnostic captures the radial profile at a single time instant and therefore cannot track the evolution as energy is lost from the filament as a result of parallel transport. Such dynamics have indeed been observed using closely spaced HRTS measurements on MAST [35] . The JET HRTS profiles in Figure 1 do clearly show the presence of filaments both in the pedestal (the blue profile) and SOL (red curve) regions but these measurements correspond to different ELMs and are thus not tracking the same filament.
For the discharge in Figure 1 , a pre-ELM rotating mode with n~10 has been observed in pedestal interferometry data (line integrated from R>3.75m), indicating the presence of 10 filaments. Using the estimate above, ten filaments would have an electron energy content of ~10kJ. The total (ion and electron) filament energy is then more that 20kJ as the ratio of ion and electron temperature T i /T e ≥1 is expected in the SOL [31, 12] . However, even if T i = 3×T e is assumed the total filament energy is only 40kJ which is less than the ELM energy loss of 100kJ as measured with magnetics.
This discrepancy is possibly due to fast parallel transport along the filament in the period from it leaving the pedestal to its current position.
An estimate of the parallel transport time scale in the filament is given by τ || =L c /c s =πRq 95 / √(2T ped /m i ) ≈100ms using T ped = 650eV from Figure 1 . The example measurement used here is a snapshot taken at ~50ms after the ELM onset in the D α signal. If the filament was created at the ELM onset it will have lost more than half its energy content, assuming an exponential decay time.
This observation is consistent with the ELM filaments providing a loss channel for the ELM energy losses. Through parallel transports the filaments loose most of their energy before they hit the main wall. In [31, 12] an even smaller energy fractions of 5-10% of ∆W ELM further away from the edge pedestal has been directly measured on the main walls (R=3.9m in Figure 1 ) for similar ELM sizes as the discharge reported here.
PEDESTAL AND SOL ELM DYNAMICS.
In order to benefit from the low sampling frequency (20 Hz) and high time resolution (15ns) of the HRTS system, ELM coherent data selection has been applied [e.g. 19, 30] . Each individual measurement is associated with the nearest ELM as determined by the onset of the ELM spike in the inner divertor D α signal. To demonstrate this technique it has been applied to data from several diagnostic systems in Figure 2 . The discharge used here features regular ELMs with a frequency of 30Hz, I p = 1.7MA, B t = 1.8T, P NBI = 8MW. The start of an ELM is defined as the foot of the D α onset indicated as t=0s in Figure 2 . This definition will be used throughout the rest of the paper.
Since this discharge features regular ELMs, the changes in the various parameters is small, which is a prerequisite for applying this method on the low sampling rate HRTS data. All discharges used in this paper are selected accordingly. This observation agrees with the interpretation in [21] that the slow collapse seen in high temporal resolution (10ms) line integrated density measurements is due to the slow dispersion of the SOL density. The collapse of the pedestal density is fast (<200µs) whereas the SOL density remains high for much longer. In fact a volume integral of the pre and post ELM density profiles shows that 50-80% of the particles lost from the pedestal region (r/a<1) still reside in the SOL (defined as the region 1<r/a<1.1) ~1ms after the ELM onset. This is not mirrored in the Te data; the SOL electron temperature before and after the ELM event is below the detection limit of the HRTS system of 50eV, indicating fast transport (<200µs) of the SOL energy. The phenomenology is the same for both the low and high triangularity and collisionality plasmas.
Typically in JET Type I ELMy H-mode discharges the so called ELM affected area does not change with plasma parameters and is typically limited to the outer 20% of the minor radius [23, 33] . The definition of ELM affected area generally used is that ∆T e /T e or ∆n e /n e falls below a threshold;
generally the detection limit of the instrument used. Figure 3 and 4 show that for these discharges this observation is confirmed; the ELM affected area is very similar for both density and temperature and extends to r/a ~ 0.8-0.85. At JET, variations of the ELM affected area have been found in Advanced
Tokamak (AT) scenarios with higher q 95 = 5 and optimised current profiles [34, 2, 23, 32, 4] . Figure 5 gives a clear example of such a case. The ELM affected area extends far into the plasma core. In [4] .
A detailed study of the ELM penetration radius was performed in AT plasmas and it was found that up to 60% of the plasma radius from the edge inwards can be affected by Type I ELMs in these plasmas.
The reason for the difference in ELM affected area in AT plasmas compared to baseline Type I ELMy H-mode plasmas remains unexplained. Clearly the AT plasmas reside in a different area in the operational space with generally hotter pedestals and lower pedestal density than standard ELMy Hmode plasmas. Detailed MHD analysis using the new JET HRTS profiles is required to see whether in these cases the peeling ballooning mode patterns change, and it needs to be verified whether the spatial extend of the mode functions for these plasmas can influence the ELM affected area. Future studies will include non-linear MHD modelling which is an ongoing activity on JET. Figure 6 shows a comparison of the time evolution of the pedestal and SOL T e and n e for the standard ELMy H-mode plasmas at low and high triangularity. Multiple similar discharges have been used in order to collect enough data to build up the pedestal and SOL time evolution. As the pedestal values of these plasmas varied by ~20% in T e and n e (such that pe is more or less constant), the profiles were first normalised to the averaged pedestal values before the ELM collapse. As was also found on DIII-D [19] , the pedestal dynamics is distinctly different between the two discharge types. At low collisionality ( Figure 6 a) the temperature collapse is large and as much as 50% of the pedestal temperature is decreased in the ELM event. The density loss is less and amounts to ~20-30% of the pre-ELM pedestal density. For the high collisionality plasmas (Figure 6 b) the relative losses are smaller. The losses are ~10% or smaller for both temperature and density. However, the SOL dynamics is similar for both plasma scenarios; like in [19] the electron density rises sharply after the ELM onset and shows a slow decay with a timescale of ~2ms as is indicated by the exponential decay in Figure 6 .
Although no direct measurements of the SOL ion temperature is available, the fact that the SOL density remains high for so long is evidence that the T i has to be low as well. √T SOL and as also c s,SOL = L c / τ ||SOL a rough estimate for the midplane T SOL < 10eV is found.
CONVECTIVE AND CONDUCTIVE ELM LOSSES
A scaling of the Type I ELM energy losses with machine parameters has been widely addressed. [19] , that the ELM losses are poloidally symmetric and that ∆T i = ∆T e and T i,ped = T e,ped then the total ELM energy loss is given by:
Where T e and n e refer to pre-ELM profiles. The three components of ∆W ELM correspond to the conductive ELM losses, the convective losses and the cross-term, and k is the Boltzmann constant.
Equation (1) is the correct expression in terms of the pressure change, but frequently the energy loss is estimated by the two leading terms. However, the final, cross-term should be included, especially when ∆n e and ∆T e are both greater than ~ 10%. The negative sign of the cross-term ∆T e × ∆n e dV stems from the convention that ∆T e and ∆n e are positive. The integration of the profiles of T e , ∆T e , n e and ∆n e is carried out over the confined plasma volume. To verify that this method works with the JET data, the sum of the convective, conductive and cross-term losses are compared in Figure 7a to the ELM energy losses as estimated from the diamagnetic energy measurement averaged over a selected time window. There is generally a good agreement between the kinetic and diamagnetic measurements. For the calculation both ECE (for ∆T e ) and HRTS (for both ∆T e and ∆n e ) data have been used. Note that the ECE time resolution is sufficiently high that ∆T e can be determined for each individual ELM. This is not the case for the HRTS measurement, where the ELM coherent data sorting has been used. Figure 7 (b), however,
shows that ECE and HRTS measurements for ∆W cond are in good agreement. The variation in the data is only partly due to statistical noise in the HRTS measurements and it also due to the ELM coherent averaging technique used for the HRTS data. As can be seen in Figure 2 , there is a natural
e e e e e e e ELM spread in pedestal T e , n e and ∆W ELM , even though this discharge has very regular Type I ELMs. This spread is caused by variations in the plasma parameters in the selected time window but is also characteristic for Type I ELMs; the ELM trigger does not always occur at exactly the same level of pedestal T e , n e or stored energy [22, 23] .
A key assumption in this analysis is that the ELM collapse is toroidally and poloidally symmetric.
If the collapse is not symmetric then of course the integral in (1) would yield a lower value for the estimate for the ELM energy loss. It was found in [24, 1] that the low field and high field side collapse of the electron temperature is of a comparable amplitude in a Type I ELMy H-mode. This, together with the consistency of the kinetic energy loss with the energy loss from magnetic measurements, provides evidence that indeed the collapse is symmetric across the entire volume. A second assumption in this estimation is that the ion temperature collapse is of similar amplitude as the electron temperature collapse. At JET the time resolution of the Charge Exchange Recombination (CXR) diagnostic is 10ms. This is not sufficient to capture the fast ELM collapse, and as a result using the ELM synchronisation technique the T i temperature collapse as seen by the CXS spectroscopy is underestimated. However, a comparison was carried out in which the ECE pedestal temperature dynamics (Figure 2 ) was convoluted with a 10ms time resolution. This resulted in similar estimates of the Te≠ collapse as was found with the CXR diagnostic for both the discharges in Figure 3 and 4, indicating that the ELM T e drop is of similar amplitude as the Te drop [37] . A detailed study of the comparison of the ion and electron dynamics in Type I ELMs is underway.
Given the good agreement between the estimate using (1) and the diamagnetic estimate we assume in the remainder of this paper that indeed ∆T i = ∆T e .
In [23] a systematic variation of the pedestal collisionality has been reported, in controlled gas and configuration scans. A clear trend of ELM energy losses versus collisionality was observed. In this paper a wide ranging database has been used for the comparison of convective versus conductive ELM losses in low and high triangularity discharges. The plasma conditions are summarised in Figure 8 showing the pedestal electron temperature and density range of the used data base. The low triangularity plasmas feature a wide range of plasma current ranging from I p = 1MA-3.8MA and q 95 = 2.8-3.6, whereas the high triangularity discharges were conducted at I p = 2.5MA and q = 3.6.
The pedestal collisionality of the low triangularity discharges spans a relatively wide range due to the fact that the pedestal n e and T e both increase linearly with I p (Fig.8) . Therefore as v e *~n e /T e However, as convective and conductive losses are independently determined their ratio can now be quantified. Figure 9 (a) shows the energy losses calculated from both the ECE (for ∆T e ) and HRTS (for ∆n e ). The convective losses do not vary significantly and are ~5% of W ped for 0.1< v e *<0.5 whereas the conductive losses decrease from ~20% of W ped to 5% of W ped with increasing v e *. This is in agreement with findings in [22, 23] . The cross term is small (~10-20% of ∆W ELM ) but non negligible and should be taken into account for accurate calculation of the total energy losses as used in Figure 7 (a). Figure 9 (b) shows the convective, conductive and cross-term ELM losses as calculated using HRTS for ∆T e and ∆n e . The trends are the same, even though the scatter is larger as expected. Using the HRTS T e data is a useful exercise since it allows covering the ELM losses in the 1MA/1.1T discharges to be included, where no ECE data are available.
COMPARISON OF EXPERIMENTAL RESULTS TO A PARALLEL LOSS ELM MODEL
In the literature various models have been discussed trying to explain the loss processes in Type I ELMy H-modes. A good empirical scaling of ELM energy losses with pedestal collisionality v e * is found in JET and other devices in [21, 22, 23, 19, 27] . The decrease of ∆W ELM with increasing v e * comes mostly from reduced temperature losses whereas the density losses show no or only a weak dependence with v e *. These findings have been confirmed by the analysis in this paper.
In this section a simple model is presented and compared to the experimental result. The model begins with the assumption that the pedestal density and temperature drops are governed by parallel losses during the ELM; this simple idea was suggested by [15, 21] , with the degree of density and temperature drop (assumed to be small), and hence the convective and conductive losses, estimated from simple two-fluid expressions [9] , (2) where ∆t ELM is the duration of parallel losses and is assumed to correspond to the duration of magnetic (MHD) activity, i.e. ∆t ELM ≡ α || t MHD , assuming α || ~ 1. tMHD is generally found to be fairly insensitive to plasma parameters, e.g. it is typically found as ~ 200µs for Type-I ELMs on JET [2, 22] . Therefore ∆t ELM ≡ α || . In the following many a's are going to be introduced that allow a linear variation of typical physical parameters as input for the discussion that follows later on in this section . Table 1 gives a listing of these for the benefit of clarity.
The characteristic decay times of density, electron and ion temperatures τ ||n , τ ||Te and τ ||Ti are then defined as: and χ ||i T i 5/2 /n i [9] . The temperature and density used for the evaluation of c s , χ ||e and χ ||i are taken at some initial values characteristic of the pedestal, i.e. n e /n ped = T e /T e,ped = T i /T i,ped = α ped < 1.
Note that the introduction of the variables α || , α L and α ped allows a quantitative comparison of the proposed model and the experimental data. The parallel loss times can now be written as:
If we include the variables α || , α L and α ped in (4) then the time ratios in (2) are predicted to scale roughly as,
where L e * ∝ qRn e /T e 2 is the plasma collisionality as defined in section 4. Hence, the model predicts the convective losses (∆n e /n e ) to increase only mildly with T ped and to be independent of n ped , and for conductive losses (∆T e /T e ) to increase strongly with T ped and decrease linearly with n ped .
The comparison between the collisional model and the measured ELM losses is shown in Figure   10 . As ∆W conv /Wped and ∆W cond /W ped scale linearly with (∆n e /n e ) and (∆T e /T e ), equation (1), a direct comparison of the data in Figure 9 and the model can be displayed. As these figures reveal, there appears to be a close correlation between the LHS and the RHS of (5) for conductive losses, but only a poor link for convective losses. This finding is hardly surprising in view of Figure 3 and 4, which show that the pedestal density profile is redistributed radially during the ELM, with a large increase of density in the SOL. The model does not include a radial transport timescale and therefore cannot explain such a redistribution of density, whereas we know it involves an ejection of filamentary structures. Also note that the derived dependence between the LHS and RHS of equation 5(b) is linear whereas the relation between the experimental data and the model imply a logarithmic dependence. Clearly the model is not sufficiently sophisticated to describe all the dependencies in the data set.
In the collisionless limit the parallel heat flux densities are limited to some fraction of the Free Streaming flux (FS), with the ratio between the SH and FS heat flux expressions given by the free streaming factor α e , and α i ~ 0.1-1 [9, 36] . The second key prediction of the parallel loss model, as
given by (2) and (3), including a flux limited expression for χ ||e using a scaling factor ae, is the ratio of convective to conductive losses to scale as [13] (and a equivalent equation for the ions using α i ): Whilst it is difficult to establish to what extent the various combinations of the above parameters are indeed consistent with reality, the fact that the α ped , α || and α L required to explain the nominal experimental observations, discussed in the previous paragraph, are indeed of order unity, as assumed at the outset, is encouraging. Indeed, since ∆n e /n e ~ 0.25 and ∆T e /T e ~ 0.5 are not small, the linearized expressions (2) would need to be replaced by exponential ones, e.g. ∆n e /n e ~ exp(-∆t ELM /τ ||n ) -1, etc., in the next order by a coupled set of equations for n e , T e and T i , solved numerically, with t//n, τ ||Te and τ ||Ti evaluated at each time step. Such solutions, e.g. see [9] , indicate somewhat smaller ∆n e /n e and ∆T e /T e than would be inferred from (2), and hence improve the comparison with experiment.
Next, we consider the scaling of the ratio of conductive and convective losses, (∆T/T)/(∆n/n), with pedestal collisionality, v e * , which may be inferred from Figure 9 . The predicted variation, assuming α e ~ 0.2, indicates an agreement with the observed reduction from ~4 to ~1 for a one decade reduction in v e * . However, this reduction is obtained only in the range v e * ~ 7-70 in equation (6), while in the experiment it is found in the range v ped * ~ 0.07 -0.7. Since the value of v e * in equation (6) relates to the pedestal collisionality as v e * = (α L /α ped )v ped * this requires α L /α ped 1 00, in contrast to α L /α ped ~ 3 which follows from the choice of α e ~ 0.2 (recall our earlier analysis above). Hence, while the two-fluid expression correctly captures the v e * scaling of (∆T/T)/(∆n/n), it does so for v e * values more typical of separatrix rather then pedestal collisionalities.
The above analysis reveals the key shortcoming of the two-fluid estimates (2) and suggest that a kinetic formulation of the parallel losses, which strongly decreases both ∆n e /n e and ∆T e /T e for a given values of α ped and α || , e.g. figure 10 in [9] , is more appropriate. This suggestion is reinforced by the low values of pedestal collisionality, v ped * < 1, and the observation that the temporal signature of divertor heat loads during the ELM is in good agreement with a free-streaming expression corresponding to parallel losses from a pedestal plasma (α ped ~ 0.5 -1), over a time of order τ MHD (α || ~ 1), and with connection length of several times πqR (α L ~ 2 -3).
To summarize, while this parallel loss model is able to reproduce some of the features of the observed losses, e.g. the tendency for conductive losses to decrease with, and for the convective losses to be roughly independent of, pedestal collisionality (observations first reported from scaling of scalar (∆T e /T e ) and (∆n e /n e ) values versus collisionality at JET [22] and using the full kinetic profiles in DIII-D [23] ), it does not capture all these observations simultaneously, suggesting the need for added new physics, e.g. kinetic formulation of parallel losses, and more importantly perhaps, the inclusion of radial transport and ELM filament dynamics, and a model for the reconnection process and thus how L || is determined.
CONCLUSIONS
In this paper the new High Resolution Thomson Scattering system has been exploited to investigate the conductive and convective ELM losses and the pedestal and SOL dynamics for a large range of plasma parameters and plasma conditions. The dynamics of the density pedestal profile on JET as measured with HRTS are very similar to that observed with Thomson scattering and/or reflectometry measurements on DIII-D [38, 19] , AUG [25, 26] and JT-60U [27] , encouraging cross-machine ELM loss scaling as a similar dynamic seems to occur in all these devices. The density deposited in the SOL after an ELM collapse is diffused on a transport time scale parallel to the magnetic field line toward the divertor. On a faster time scale plasma filaments have been observed in the SOL <100µs after an ELM collapse. The snapshot assessment using fast but infrequent Thomson scattering measurements of the ELM filaments show that the energy contained by the filaments is only a fraction of the total ELM energy loss. This observation is consistent with the picture that the parallel loss processes along the filaments are fast and that only a fraction of the ELM energy loss is distributed over the main chamber wall by the filaments. This supports observations in [29, 12] showing that only ~10% of the ELM losses are observed on the chamber wall and that most of the energy will be deposited on the divertor target.
The ELM affected area does not vary with collisionality and plasma equilibrium, in standard ELMy H-mode plasmas. This was observed in [23, 33] and is confirmed in this study. At JET only in advanced tokamak scenarios with optimised magnetic shear a significant variation of the radial extent of the ELM effected area is observed. In [4] it was shown that the radial extent of the ELM collapse can be down to r/a = 0.4 in plasmas operating is an advanced tokamak regime, whereas is
standard ELMy H-model plasmas this is found to be no lower as r/a = 0.8 [23] . Non-linear MHD analysis using the new HRTS data is needed to investigate the role of the radial extent of the peeling ballooning mode on the ELM affected area across these scenarios. This is the subject of a future study.
In a wide scan of plasma collisionality it was observed that the convective losses do not vary significantly and are ~5% of W ped over a large range of collisionality v e * from below v e * = 0.1 to above v e * = 0.5. The conductive losses, however, strongly decrease from ~20% of W ped to 5% of W ped with increasing v e * . This is in agreement with earlier findings in e.g. [22, 23, 19] . Now, however, it has been quantified on JET using kinetic profile measurements. The cross term is small but non negligible and should be taken into account for accurate calculation of the total energy losses. 
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